SPECI FI CATI ON  TI TLE OF | NVENTI ON APPARATUS FOR
SPATI AL AND TEMPORAL CONTROL OF TEMPERATURE ON A
SUBSTRATE FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates to substrate supports. Mre
particularly, the present invention relates to a

nmet hod and apparatus for achieving uniformtenperature
di stribution on a substrate during plasma processing.
BACKGROUND OF THE | NVENTI ON [ 0002] A typical plasma

et chi ng apparatus coppri r t.or in which there
is a chanber thro%ﬁﬁgﬁhigﬁc?ééﬁﬁgyg gas or gases
flow Wthin the chanber, the gases are ionized into
a plasma, typically by radio frequency energy. The
highly reactive ions of the plasma are able to react
with material, suchHTELEOPINVENTIORSk on a surface of
a seniconductor wafer being processed into integrated
Ci I APPARATUS FORPSPATIAD ANDTTBEMPORAL CONTROE, OF

placed into t IgEMPREREFURBIONEA SUBSTRAPES position by
a chuck or holder which exposes a top surface of the

wafer to the plasna. There are several types of chucks
(al so sonetines called susceptors) known in the art.
The chuck provides an isothermal surface and serves

as a heat sink for _the wafer ype, a
sem conduct or mf%ﬁﬁ%oﬁé\“@mwﬁﬁﬂg for etching by
mechani cal cl anpi ng neans. In another type of chuck, a
[0001] seni c@helpresent inwehtion relatpetogubsirase suppopy. More particularly, the
el ectrostatic force generated by an electric field
present invention relates to a method and apparatus for achieving uniform temperature

distribution on a substrate during plasma processing.

BACKGROUND OF THE INVENTION
[0002] A typical plasma etching apparatus comprises a reactor in which there isa
chamber through whiqh reactive gas or gases flow. Within the chamber, the gases are
ionized into a plasma, typically by radio frequency energy. The highly reactive ions of
the plasma are able to react with material, such as a polymer mask on a surface of a
semiconductor wafer being processed into integrated circuits (IC's). Prior to etching, the
wafer is placed into the chamber and held in proper position by a chuck or holder which
exposes a top surface of the wafer to the plasma. There are several types of chucks (also
sometimes called susceptors) known in the art. The chuck provides an isothermal surface
and serves as a heat sink for the wafer. In one type, a semiconductor wafer is held in

place for etching by mechanical clamping means. In another type of chuck, a



bet ween the chuck and wafer. The present invention is
applicable to both types of chucks. [0003] In a

typi cal plasma etching operation, the reactive ions of
the plasma chemically react with portions of materia
on a face of the sem conductor wafer. Sone processes
cause sone degree of heating of the wafer, but nost of

semiddRdia8t Whdr ishefPiSskelty elédh@stali@sorbe gdfteatédByThe dlectric field

reaction rate between the materials in the plasm and
i al : ' d
betspelf Elok o Wier” The BPestinalEh i Aoabis 6HR olcRLF
h ocal wafer tenperature and rate of chenical reaction
ChueHS- each microscopic point on the wafer are related to
an extent that harnful unevenness in etching of
material over a face of the wafer can easily result
if the tenperature of the wafer across its area varies
[00630 nudh a typicaipdasmesdding eperationk theireactive sonsafite plasma
etching be uniformto a nearly perfect degree since
cheiidaly véasewith ottivng of Alareialon & Bick ofl ehei serdconki@stpr wefengSome
fabricated wll have electronic characteristics that

prodd8iek @b sbRARIEBRe BORERIAR € tHe\Rd¥el, Bub@dit FthSheating is caused by
Furthermore, W th each increase in the size of wafer

. i _ . . .
e R Sh SRR GTLRE VAR LOSUBLPAI Yidlee SO vater
nore difficu nme . ot her ases, it woul d

Al b U1 . SEHE P AP SRS by e Epefatit rise of the

tenperature of the wafer to obtain a customprofile. .
wafgrodapl wafer smpstatire and ratppeshemieal reactian af eagh ypieroscopic point

during reactive ion etching (RIE) is well known, and
on ti@wafed areatlatadiit an iertehhthadmsmfitlanevenness| inetobing of material over a

tenperature of a wafer during R E have been tried.
faceffthe Wafel baSdasay BsuR MRhYBnpepatCRIVI 1t wikt 8¢rogs its area varies too
much. In most cases, it is highly desirable that etching be uniform to a nearly perfect
degree since otherwise the Integrated Circuit devices (ICs) being fabricated will have
electronic characteristics that deviate from the norm more than is desirable. Furthermore,
with each increase in the size of wafer diameter, the problem of ensuring uniformity of

each batch of ICs from larger and larger wafers becomes more difficult. In some other

cases, it would be desirable to be able to control the surface temperature of the wafer to

obtain a custom profile.

[0004] The problem of temperature rise of a wafer during reactive ion etching
(RIE) is well known, and various attempts in the past to control the temperature of a

wafer during RIE have been tried. FIG. 1 illustrates one way to control wafer



tenperature during RIE. An inert coolant gas (such as
heliumor argon) is admtted at a single pressure
within a single thin space 102 between the bottom of
the wafer 104 and the top of the chuck 106 which

hol ds the wafer 104. This approach is referred to as
backsi de gas cooling. [00051 There is generally no

-1 d | ' .
u I N.O I
singleprearultie s snals e 103 REVFRLBe POt de: AR 104 ind

el astomer seal, there is significant and progressive
the fopes therchutlo 386 whichdwldstike wafsr 104; This approactnistrefgrred froas
edge of the wafer 104 is inadequately cool ed. The heat

bacléffeagagceslinpear the edge of the wafer 104 nust
therefore flow significantly radially inward before it

can effectively be conducted away to the chuck. The
arrows 106 on top of the wafer 104 illustrate the

[OO(#EC om n gi'th%lée“i\’sf\épxge?h%‘% {)-'Pﬁg}@?ﬁﬁ{er éc%ase lvrafi tiid AR berifbier

at in S ustrate th the arrows
11Q. Thi s expl.ai ns why the .ed Z f
exdit i RHbaa g8 4 spE LR ERE o Saphidf tfbiet cage ofthe
surface. FIG 2 illustrates a ty_%@al ,é}g eratlure
chuk Ki6rinioudar gmregiice eapdankdgakage; drevitpnly, prithout any qlastame;seal,
t he peripheral portions of the wafer 104 causes the

therwésf signifiCaht tod prograssiie hressuee loas aarbss the s¢ating dand, such that the
portions. [00061 One way of dealing with the need for

edgd OfBe GG 108 id Mad@quirlycdold. SThefiratgencatghreasthe@dgt of the
cut a relief pattern to effectively change the | ocal

waf%gl%qﬁéft ﬁ{e?é‘f)re signifR G BRdaRY iRPard HRErvitldaR effectively be

cksi de coolant ga§ at al’l, in which case the contact
coneiidngd R TRERED L Rt BT e diter 16} ARBIAE e
inco?;g;g 82}? agzg{qléﬁéeeevattg l(r)f 'rllﬁec Hni)vr\}io? %wt lﬂ:gt i 8‘&&&'182 I?se fllustrated
with the arrows 110. This explains why the edge zone of the chuck always tends to be
hotter than the rest of the surface. FIG. 2 illustrates a typical temperature distribution on

the wafer 104. The pressure loss at the peripheral portions of the wafer 104 causes the

wafer 104 to be much hotter at the peripheral portions.

[0006] One way of dealing with the need for zone cooling is to vary the surface
roughness or to cut a relief pattern to effectively change the local contact area. Such a

scheme can be used without backside coolant gas at all, in which case the contact area,
surface roughness, and clamp force determine the heat transfer. However the local

contact area can only be adjusted by re-machining the chuck. Another way of dealing



3 wth the need for zone cooling is to use cool ant gas
whose pressure is varied to increase and fine tune
thermal transport. However the relief pattern is stil
substantially fixed. By dividing the surface of the
chuck into different zones, with or wi thout snall
sealing lands as dividers, and supplying separate

witlf 8@lricBd #3886 Sodl g Rt usé @a@lamagag "v@n@%@% reSi09¢ R/afikd to increase
i ndependent spatl al control may be achi eved. The gas

and FiHRRLYe ﬁl@ﬂﬁﬁgﬁP r - ﬁﬁ\}éﬂﬁ% relfllff lp&&érﬁ% stﬁpmgt?anlWﬁ%d By

be set to a ssur e, us varylng

t.her con zone n ns

diviftg BRSSP I Y eIt DL g AR e lands

stabilized during each process step. Such schenes
as dijagranang SUpPRIPING SPRaseLe ARG 878SSs e EAAh 7N AogTeAtP degrpcnt

the plasnma and driving it into different regions. This
indépendené bpatial/eingrob iy bt iavieevetd. [Thgigap supply fd each Bome may have

only give small tenperature differentials at |ower
diffgrenvadonfposition lo@ be ké136 adifferemipirdssaeoititis BarlyingGh¥ fiREmaln?

of uniformflux and about 3mmsealing land, it is

condﬁﬁ:%%hbbﬁcﬂ &rﬂ%top%?d't‘ﬁl leohdti6SiIRay BE seTRhd& r@éib@ B&ﬁr&l Netteven

lead to a 10C to tenperature increase near th e

ayniRicEl, BBEHPRE R it el . 8 slentdd\ ool P Vel Hfburing

ver rveras a p ocess “con parane

For ., kadi variations i.n density
the iaymmeteRLany 53 B alerth shbgtine iR Ean woas: T is
critical process performance netrics, are ] .
relagvsliy eiective athigh pRwanflan putopill el gy ismel deraperalprediferantals at
pattern. However, some processes may run at | ow power,
lowérqrowien Sz Fer instaycegaiith abputd-lesi¥per om$ofaniform fluxandodbout
only 0.2Wper cnZ. Unless the average conduction is

3mnfiBéhing Sad! B iEpossibRNo g&hw&brlus ed&d theshhdl ot 4idrits that lead to a 10°C
control and tends to result in I nadequat e overal |

to 3%"?,?(! }n?grﬁtulfrg ﬁﬁg«%a@? {/1%}:‘@%&1[ +vaﬁF g&gﬂﬂéﬁg }geréﬁafséﬁh ents of this

magnitude can be very effective as a process control parameter. For example, radial

variations in plasma density or asymmetries in a reactor layout, which can affect critical
proéess performance metrics, are counteracted with an appropﬁate substrate temperature
pattern. However, some processes may run at low power, for instance poly gate
processes, may have a flux of only 0.2W per cm”. Unless the average conduction is made
extremely low, which is very difficult to control and tends to result in inadequate overall

cooling, then there will be only a very small differential of typically less than 5°C.

[0007] Accordingly, a need exists for a method and apparatus for controlling the

temperature of semiconductor wafers during reactive ion etching and similar processes



[ 0007] Accordingly, a need exists for a nethod and
apparatus for controlling the tenperature of

sem conductor wafers during reactive ion etching and
simlar processes 4 wthout requiring significant

pl asma heat flux. A primary purpose of the present
invention is to solve these needs and provide further,

wit oggge?@@%g%mﬁ@&?ﬁ}asr%h?& fieSAP A Buifosé BEtHe Y&t ON

pparatus for control of a'tenperature of a

. b h -
invefl5 4 'R TP o FEHREE PO By P hiBRBes D o)

The heater is thermally coupled to an underside of
the netal plate while being electrically insulated
fromthe netal plate. The heater can be conposed of
mul tiple, independently controlled regions to inpart
a spatially resolved thernal pattern. Tenperature

f eedback f orBREBFDERERIRITIONQFIHE ENYENTEONed t o
appropriate power supplies, which controls their

[oodsper el Arpafipatttus Or Edrul of Aledipepituredfasul@ratelira tainperature-
bonds the nmetal plate and the heater to the top

contgdc‘}Leg%%?e A'hehfaf alif 186 W ﬁy&%ﬁd‘i&é&ﬁ@nﬁ?&ﬁl. ThEheater is

s vé possésses physical properties that allow the

t her mal ttern.to.be I ntaj ned under . varyi .
erb e BE B0t TR RS I gy vt
adhesi ve material bonds the |ayer of 'lgi el Sct ri.c
fronpheanstaliplate. Ahe Bptensan e somposeripd multinlp. ipficpeadentlycontrolled
| ayer of dielectric material fornms an electrostatic
regiaisdopinpayt a spastadlpirescived thesmabpattem. t Femparpiare igedbackifepreach
- voltage is connected to the dielectric portion to
heat@Cregivnlis sdhnetted to gsprapriate pdveerpupgliesf which contipsis theireherinal
BRI EF DESCRI PTI ON OF THE DRAW NGS

output. A first layer of adhesive material bonds the metal plate and the heater to the top

surface of the temperature controlled base; the adhesive possesses physical properties that
allow the thermal pattern to be maintained under varying external process conditions. A
second layer of adhesive material bonds the layer of dielectric material to a top surface of
the metal plate. The layer of dielectric material forms an electrostatic clamping
mechanism and supports the substrate. High voltage is connected to the dielectric portion

to accomplish electrostatic clamping of the substrate.



[ 0009] The acconpanyi ng draw ngs, which are
incorporated into and constitute a part of this
specification, illustrate one or nore enbodi ments of
the present invention and, together with the detailed
description, serve to explain the principles and
i npl ementations of the invention. [0010] In the
draw ngs: Fl GRIEFIDESCRIPTEON OF TEIERRAWMGSdi agr am of
a support holding a wafer under process in accordance
.t h the . iy P . . _
[000b] THE h@niahyink ifiwifes, ah?chpiretncbkeaog§&<§a fd B {dMtitute a

tenperature of r and” the pressur . cool ant
pu B IR Bl o2 ASEREARNS B st biventn
et e U LS G B ans”

. invention. FIG 4 is a table illustrating the
implenentatinns iof thebavemion. surf ace tenperature range and
paral l elismof the layers in accordance with one
enbodi nrent of the present invention. FIG 5 is a
di agram schematically illustrating the apparatus
[00B0) f ace nQAPEfaMitgse control schene in accordance wth
one enbodi nent of the present invention. FIG 6 is a
di : - ! . ,
chaagE Tig g St Fleibal Halol b BiboBHHRRER P iafer under
enbodi ment of ttg resent invention. FIG 7 is a
pro%elsi\ﬁlraefﬁ?@@ﬁ%en’ﬁ{ gbfﬁfri?ri tustrating a processing
chanber .havij n%*a base. in accordance with yet another

entfdth Adht Plof tlustratingste tampexgtars ofgrvafgr and the pressure of a

coolant in the apparatus of FIG. 1 in accordance with the prior aft;

FIG. 3 is a diagram schematically illustrating a processing chamber having a base
in accordance with one embodiment of the present invention.

FIG. 4 is a table illustrating the relationship between surface temperature range
and parallelism of the layers in accordance with one embodiment of the present
invention. | |

FIG. 5 is a diagram schematically illustrating the apparatus surface temperature
control scheme in accordance with one embodiment of the present invention.

FIG. 6 is a diagram schematically illustrating a processing chamber having a base
in accordance with another embodiment of the present invention.

FIG. 7 is a diagram schematically illustrating a processing chamber having a base

in accordance with yet another embodiment of the present invention.



FIG 8 is a diagram schematically illustrating the
apparatus surface tenperature control schene in
accordance yet another enbodinent of the present
invention. FIG 9 is a diagramschematically
illustrating a processing chanber having a base in
accordance with yet another enbodi nent of the present

L

connector I n accordance with of the
contnl seleame inpgegrdanss yet anather f?“%"gmée“?ng ed%r%sﬁP%‘H\"entm
schematically illustrating a method for spatially and

t efior Qs a/diagrator schermaticailydllustriies APIACESSHIL %ha&ﬂ?sg jvipga base
during processing in accordance wth one enbodi nent

in a®@brdafi€e Witk yendnottier enibodimenEofiBe piedent inPeBLion2C are
di agrams schematically illustrating a cross-sectional

Vi €960{0 f‘g*a% “wﬂrséﬁéiﬁathﬁll? dlRtrhling 4 rosssetidadlogewnf in
one e iment of the present invention. FIG 13 is a

elec{ng %dl a(%laﬁ] aCL+Ild§+ b @emmgntf&*th§ﬁ%§élﬁﬁﬂ\bénﬁm

con |ng e tenperature on a substrate

duri ng. processi.n C.

eSO HEiTe G (SR SSrRLr Dy e ei16] for spadglly and
14C, 14D are diagrans schematically.illustrati.n

temparaiks conbinEs MR I GHEBTon Sreb3 s AU I PRI A e orpfpee
accordance wi th anot her enbodi nent of the present

with onesnibiodimerfEloGthelfeseat mventon. di agr am schematical |y
illustrating a nethod for electrically connecting a
POWRGSSIHRL! 12H, 228 diediagranischamatithy lhotratng z cross-sectional
electrode in a base in accordance with one enbodi nment

viewbt B GppAERE BLink Bl 4Bordance with one embodiment of the present

invention.

FIG. 13 is a flow diagram illustrating a method for spatially and temporally
controlling the temperature on a substrate during processing in accordance with another
embodiment Qf the present invention.

FIGS. 14A, 14B, 14C, 14D are diagrams schematically illustrating a cross-
sectional view of the apparatus being built in accordance with another embodiment of the
present invention.

FIG. 15 is a flow diagram schematically illustrating a method for electrically
connecting a power supply to a heater and an electrostatic electrode in a base in

accordance with one embodiment of the present invention.



7 DETAI LED DESCRI PTI ON [ 00111 Enbodi mrents of the
present invention are described herein in the context
of a support for a substrate. Those of ordinary skill
inthe art will realize that the follow ng detailed
description of the present invention is illustrative
only and is not intended to be in any way |imting.
O her enbodi nment s i ntion wll
readi | y suggest tﬁgﬁgéﬁsggtg%f§§€gﬂ§§iIIed per sons
having the benefit_of this disclosurge. .Reference.,w ||
[0014bw be Rahedimeniefihe present Y cBHRR Ak JessTibogrcrafp 0 the context
present invention as illustrated in the acconpanying
of a supportfgsa silistratsa Fbosedfmrdinery skilllincthe et avillirealizg dhas they
t hroughout the draw ngs and the follow ng detailed
foll'diiﬁﬁ% HétRiléddestidpticaf ofithé Prebéne iemeorois illudtrtiveenlysind is not
10012] In the interest of clarity, not all of the

interdd2 't BEid ﬁ@tvgﬁfmgmgfngt Rfther Y RNBEHISbT BB prétestCnyditidn will

erern are’s nd described. It will, of course, be
reciated that 1.t ;
readlp S ERaTHER TR ta st BRI HE b e (RREN Yl hsclBbre.
deci si.ons st be nade .in order, t.0 achiey .
Refegaire W @pwsbe fgﬁgc‘rlfra%@%gtBé‘Pg‘,r"mSB °3%°§%§Bfﬁsé%§‘év"v’&“?ﬂ a
application- and_ business-rel ated constr.aints, aq{jb d
illustrhted in thegecampanyinecdrawings. fhe ﬁar%veierﬁmw@ﬁ%m will be use
i npl enentation to another and fromone devel oper to )
throdghoubthe drivibgouet the ifollowihg deteilepgesenptzarete refeato thgspmeg or like
devel opnent effort m ght be conpl ex and
partd.| Me-consuni ng, but would neverthel ess be a routine
undertaki ng of engineering for those of ordinary

skill in the art having the benefit of this
di scl osure. [00131 The tunable electrostatic chuck of

[OOItZTe PT e?r(le te iht%}/e%p (t)f’ c‘ié‘m&rf’ n@ AR BLllfte features of the

implementations described herein are shown and described. It will, of course, be
appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s
specific goals, such as compliance with application- and business-related constraints, and
that these specific goals will véry from one implementation to another and from one
developer to another. Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but would nevertheless be a routine undertaking

of engineering for those of ordinary skill in the art having the benefit of this disclosure.

[0013] The tunable electrostatic chuck of the present invention is an apparatus

used for controlling the processing temperature of a substrate in plasma enhanced and



used for controlling the processing tenperature of a
substrate in plasnma enhanced and 8 thermally enhanced
reactions. The apparatus allows for a fixed substrate
tenperature to be nmaintai ned under varying anmounts of
external heat |oad fromthe process but also for

del i berate change of tenperature as a function of

tire. The apparatus al so_al | f '
thermalBErpgroedaRpaioat TS AR R SR Hrad comprature to
mai nt ai ned on the substrate ri e 0oCess.
be mpoaAngd Ter VarNiE AnQE AL Skl B i OB RCG s By plgg or
from heat sources l.ocated w thin the apparatus in
delibeestp olrmge bbteniperatirerasalfurgtion @f timep (khegppamts @lsoallqus for
process, thereby maintaining a desired surface
spatikByR&AbRed téinstiathiessi gapaesiols. imparet arst meintined on the substrate
t her nodynam ¢ conditions, increasing the thernal
duri ?gyocfegsgm t hese heater sources will raise the
rrace tenperature; decreasing the thermal energy
will lower the surface tenperature. Consequently, the
control of the thermal energy in this way provides for
tenporal  nodification of the surface temper r [
(0014} t i oh!‘e ?%{)‘ﬁﬁ?e&FfPVa‘r‘%%*&l"gé’aﬁﬂg‘éﬁtm‘a i e?‘%#.sg?“"gp]“ated
heat source with varied thermal energy as a function
withigf the epparatusin sgspanse torthe thrsmelenergygapRY afthe gftemplbproggss,
tenperature control. By controlling the surface ]
therdbgMsintainingea désitet surimedempersture e thewdppanatuse Undgr stptic
well thermally coupled to the surface of the

therrAOBAHanti ¢ Sondlitidns SinRadifd el thertriad Bhdry fioanthedediaater adurces will
control used by the apparatus. [0015] The substrate

raise tH0BGERE Lﬂérﬁ%egriatggg; fb&esdilg/ihd il mbPerdeh®y WANMOGRE theCsubface
process. e abr'li

ty to provide tenporal and spati al
control . of the.surfac r I hey . ‘des fi
tempggiieo canssapri fhe 85l SEBE WaCaftie) s way proyides for
devi ce _fabrication. However, th?n - .
temporal modification of the surface temperature. In addition, a spatially resolved heat
source, i.e. a heat source with varied thermal energy as a function of location, will
provide the capability of spatial temperature control. By controlling the surface

temperature of the-apparatus, the substrate that is well thermally coupled to the surface of

the apparatus will also benefit from the same temperature control used by the apparatus.

[0015] The substrate temperature significantly affects the semiconductor process.
The ability to provide temporal and spatial control of the surface temperature of the
semiconductor represents a very powerful feature for device fabrication. However, the
heat transfer properties of the apparatus should be spatially uniform. Failure to

accomplish this heat transfer property may result in undesirable temperature signatures



heat transfer properties of the apparatus should be
spatially uniform Failure to acconplish this heat
transfer property may result in undesirable
tenperature signatures 9 that cannot be corrected
wi t hout enpl oyi ng very expensive and inpractical
control schenes (e.g., a very high density of

i ndi vj dual control |oops). [0 . a
that G0gRY b5 CTTrS A AT SP RS E Vet Shp v an rapratifce] i
spatial control of the tenperature. of substrate 306.
schemmigs (agpaverylugisdensity apindddual coqteghlaps) ur e- cont r ol | ed
base 308, a |ayer of adhesive material 310, a heater
film312, a netal plate 314, and a | ayer of
dielectric material 316. [0017] The base 308 nmay
[0016]'c! ude Fa®. Rilustt@bya claoited 302haling apppparatned@efor tévaporal and
is fabricated with | ength and wi dth di mensi ons

spaﬁgfljgin%.ﬂ BBk Q&né%@ﬁﬁ‘e & a YRt 306 BappAratisd3U4 dognprized &

mai nt ai ns e tenperature of base 308. The top

temq%?é{w%éc?g&&l%ﬁ%%g%gg,b%@ er%?%&lixégg\% I%,l\,,&fﬁal?g N2 HEAESRnP312, a

e ment us mm or 300mMm

silicon watfer, the variation. be | ess than 0.0003"
metal e, d b and ¢ fayer B'Sd%@f’tf“&é%a?%aqgi@-e 308. [0018] The

top and bottom surfaces of netal plate 314 are nade of
a high degree of flatness (within 0.0005" surface
variation) and parallelism (w thin 0.0005" surface

[0017pr i at | Qhg basEBdSthaycinomds amhctivetyatoobddametaBsupppy member that is
sufficient to adequately transfers the spati al

fabrieael ¥ith 16figtA ahd A ditieRions approginatingithese dflsebstast 306. A
film312) directly underneat and in intimte contact

ot edi ' I o fYA8e SOR OfhdRPlsurfad cbase 308 is
COOIiéqgé{’} %&gﬁ}lﬁtﬁgﬁa@%g\%%ﬁ&gﬁmal um neu m pl ate Eavi ng a
macltnigle t<on§ ﬁisgh%fegraeg%%lhat%ésos.d'qn one embodiment used with 200mm or 300mm

silicon wafer, the variation may be less than 0.0003” throughout the top surface of base

308.

[0018] The top and bottom surfaces of metal plate 314 are made of a high degree
of flatness (within 0.0005” surface variation) and parallelism (within 0.0005” surface
variation). The thickness of metal plate 314 is sufficient to adequately transfers the
spatial pattern of a thermal heat source (such as the heater film 312) directly underneath
and in intimate contact with the metal plate 314. In one embodiment, metal plate 314

may include an aluminum plate having a thickness of about 0.040”.

10



10 [00191 Heater 312 may be a thin and flexible
pol yi m de heater filmbonded to the bottom side of
metal plate 314. Heater 312 maybe constructed of

mul tiple resistive elenments, with a pattern [ayout
desi gned to acconplish spatial tenperature control on
t he surface of the finished assenbly. To prevent any

otenti g rical obl . . i

{omﬁll "ol e Biepter 374 i e it dnd M il eyhid; heder i BeikeRd o the
Fl exi bl e heater 312 is in _intim j

bottgrh atde of metal iplate AbA. cHewen Herpay 'Pﬁe%‘{ngﬁr&%g a{%ﬂ@%@@&%
polyi m de heater film having a thickness of about

elenfenf3] ithwipattern lsymit designedrto aciomplish spatial tempgeaigre control on the
[ 00201 Both netal plate 314 and heater 312 are

surf&feto@meﬁkn&&dtha@%b’ig8Tu prévgnianypoidntinhdlgctiesi psotiles, the
nmechani cal Iy flexible adhesive 310. Metal plate 314

heatf;}rxgtdelgﬁ s %‘%%1ecﬁ{<%ng%§ma@é@ﬁ'omn&a fp%p tb 3Y£ Flekibleiheasirde2 is in

R G gh degree o arallelism The
o ) reségléﬁs{“‘i&- 18pp bR MeRE holter %EE?%‘B??*’;% e

ea ransfer t h .
E IR DR M E

be determ ned by the relative power |evels enployed
0.000§”.t he heating el enents and exltoernal pr ocess. ran )c;ne
enbodi ment, the layer of adhesive material 310 may
include a silicone bond | ayer having a thernal
transfer coefficient of about 0.17 WmK to about

[00219151 w thrdem Dfe SIDAM HEark 312 Ae attattiedto base 0B using a
yer adhesi ve mat eri al 310 nmay range from about

unifg li’n’(l)lél dep%sax&eg,l han%’aﬁ%ﬁeﬁm&a@hghﬁec#(ﬁ Met4bpliafet31@knd base 308

the t |c5§l SS Vv atJon re he I mporiance of
_are Qeﬁgr g;m.} Is ay_elre esr,ygfnaée q%l';i@&ﬁ atllugh hLérQéBf’ ﬁaﬁ@ﬁelg}h

The layer of adhesive material 310 has height dimension and thermal conductivity that

defines an appropriate heat transfer between heating elements 312 and the external
process. The heat transfer coefficient may be dgtermined by the relative power levels
employed by the heating elements and external process. In one embodiment, the layer of
adhesive material 310 may include a silicone bond layer having a thermal transfer
coefficient of about 0.17 W/m-°K to about 0.51 W/m-°K. Inone embodiment, the
thickness of the layer of adhesive material 310 may range from about 0.013” to about
0.040” with thickness variation (i.e., parallelism) within 0.001”. The importance of the
thickness variation requirement is illustrated by the graph in FIG. 4. Fora fixed heat

transfer coefficient (defined by nominal adhesive layer thickness and adhesive layer
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transfer coefficient (defined by nom nal adhesive

| ayer thickness and adhesive |ayer 11 thernal
conductivity), the resulting surface tenperature
non-uniformty wll increase with increasing

paral lelism To avoid problens with device fabrication
resulting from unvvanted t her nal non uniformties, the

adhesive | a th| rla S
thergbr @R By A PSP AHED BBl By Th Bl wi
: this reciw rement. 0021 eﬁ rn| t.o FI G a.thin
increasjng pacdllelise) Te gyqid pmhl@vs Wit i‘ec “ﬁaéwncfsﬁ’g%?& figm
(via CVD, spray-coating, etc...) on the top, surface of
unwaBted thqpinat worddm farmitiesy tire adkesiviedaxer dueknepvariatinp gt be
mechani sm Those of ordinary skills in the art will
mmfrﬁi%@dlrﬂl&‘ inipAying AN apmmem%meaieblgnmmdch]m%msabqwement
hi gh fi el c?,breakdovvn strength and chem cal resistance
to the external process can be enployed (e.qg.,
al um num oxi de alum num nitride, yttrium oxide,

c.). i1 t

o0filse) o Rl PS> A SEGeRRe o e
that the holdlngforce an fe

depestiaf 158 EVISHPES cop i hed pdep SR 8.‘?@8}%‘ gloge 314 to form
pattern of the netal plate 314tot ubstrate. ..

an electrosfatic dampimgmeeshanishe Thageef qsﬂmariy 1pithe Wl rengmze
316 has a thickness of about 0.002" with a top

that 9y t@v@ntieallgtisedhmatetinl with highifield brealadwrsHsagty a;]dychemlcal
i nsul ated el ectrical connections 322 and 324 nay be

fhe dxiend19RSdeSihatRIBRTHISyedf(c. B aluaindrh Dxidep dlumituh
rem%?%tgt‘SBﬂ (whi ?h |es coupl ed ‘?{3 t(hg dielectric

| nitri.p’g,é? W8 oxid )etcs)o T th%kﬂésgﬁh@ SurfRE tcBIQiltl&{ of th8 $fyer of dlelectnc

es W independent power supplies respectively

mat r ek 3{6@%@? SO tR%tEtgg bﬂ@f"g trgfc%%ﬁg II'nIXantth% %P ghaﬂgc%ﬁgtlcs

el ectr| cal connections are illusfira
impate dherspbiéa] temperature pattern of the meta pIate %14 to e subs{rate 306. In one

embodiment, the layer of diclectric material 316 has a thickness of about 0.002” with a

top surface variation within 0.001”.

[0022] Separately insulated electrical connections 322 and 324 may be made to
the heating elements of heater 312, and metal plate 314 (which is coupled to the dielectric
material 316) so as to provide control of these features with independent power supplies
respectively Electrostatic Chuck (ESC) power supply 318 and heater power supply 320.

An example of the insulated electrical connections are illustrated and later described in

FIG. 10.
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FIG 10. 12 [0023] Regional control of surface
tenperature is acconplished with one or nore

nmeasur enent probes that contact the netal plate

t hrough penetrations 508 in the wunderlying |ayers,
shown in FIG 5. The probe 502 is part of a feedback
| oop 506 for control of one or nore heating el enents

[002310; thergyigha c&%?él%?s&@&eb&nﬁ&ﬁﬁ%ﬁstabé&ﬁtﬂﬁh@d with one or more

filtering schema 504, If necessary, to elimnate any
l.
ki BT R B e TS R Bl e

andE BRI ERaHET M FJC- Snd FRgoHe SRk Rt ER ey Top 506 or

defi ned--necessary for adequate transfer of heater
confrpbefrrsie o5 mare heating eleveenis;? ¥ dhe prpbe euiputgsp he passed through a

suitably accurate estimte of the surface tenperature
filterimg stiemeB04, ifnecessany, toeglimiph@@ 24y rédicfreguenky usise ah g

anot her enbodi mrent of a chanber 602 having an

meRBRAleat signdQHod10 thd HpRRGR|besperaddiiniaalenvidpriment cohtainiiey radio
tenperature of a substrate 606. The apparatus 604

freq%?ﬁ(igfoﬂo%&%? @iveR E&esrn%ill-ﬁ 6%%%’%5& difsk tH@ﬁl%ta‘f’ gfé'te Frel U8y

hesi ve rraterl al a heater fil
et S e s e Sy Qieﬂ%fﬂna%“efﬁp‘%@%‘{rﬁ%cé%%

base 608. A flrst ower ply 620 i es
appiRist- PRikADIY, BRAUFAIE ESUALE %{F’ﬂp‘e i‘sz%‘ieée%P%g‘E‘F? ¢an thereby be
connector 624. A second power supply 618 supplies
acqeireslct ri cal power to the |ayer of dielectric materi al
616 via electrical connector 622. Base 608, |ayer of
adhesive material 610, heater 612, and | ayer of
dielectric material 616 were previously described in

[0034]G 3. FG. 8XMisRaRs ahothbCen®RiihEntoTla chamber 602 having an

apparatus 604 for temporal and spatial control of the temperature of a substrate 606. The
apparatus 604 comprises a temperature controlled base 608, a layer of adhesive material
610, a heater film 612, a ceramic plate 614, and a layer of dielectric material 616. A
cooling media 519 maintains the temperature of base 608. A first power supply 620

~ supplies electrical power to heater 612 via electrical connector 624. A second power
supply 618 supplies electrical power to the layer of dielectric material 616 via electrical
connector 622. Base 608, layer of adhesive material 610, heater 612, and layer of
dielectric material 616 were previously described in FIG. 3. An example of the electrical
connections is also illustrated and later described in FIG. 10. Heater 612 is deposited to
the underside of a ceramic plate 614 instead of metal plates 314, as described in FIG. 3.

Ceramic plate 614 may include, for example, aluminum nitride or aluminum oxide. The
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connections is also illustrated and | ater described in
FIG 10. Heater 612 is deposited to the underside of
a ceramc plate 614 instead of nmetal plates 314, as
described in FIG 3. Ceramc plate 614 may incl ude,
for exanple, alumnumnitride or alum num oxi de. The
13 thickness of ceramc plate 614 is such that it

thl&ﬂ@&%?tc‘é# ¥nid pRRSE S F#g«\ iﬁ?%deghatg uan' réjti'xe é‘ézr Tal patten of

eat source I'r ect

n 1 nat n t .
the Biktmal host S0 BB SR virthy e B %deamtynﬁﬁﬁgmtg?téath
fromthe ceramc |late 614. In one enbodi ment, base
cerggnig Hhate 644+ Hpater ¢ kadess pat haveito he slectsisally ingulgtsd from thergsramic
t hi ckness of | ayer of adhesive material 610 may range
plater6dd &bong erdb@iidient, base6d8thas @ tapiditfapg variation of about 0.0003”.
bottom surface variation within 0.0003" and a

TheXafokhéss lof $d¥ef bOsihesivé hatdiay 610 may eahge foai atsont 9101 BAeeabout
variation) of within 0.001". Heater 612 has a

0.040Y WHIE p £ld RIABHE squa@éLQanéﬁoh Ruiehir 0100057 Sidr ﬁs&@llehsm (top

variation wwthin 0.0 . Ceramc plate 614

surfybb AERE IorBRONE 0 8 Q%Qatutoiqﬁmasur B g0 t‘é?[slfhﬁd“

ace varla Ion w

of. dlelectrl mat er 1 £ .
thicp o abgnt DTy Pt Spe o o Bastnofyitiin 0 0057, "Gerdmic place
0.002" with a top surface variation wthin 0.001"
6141 althiglarespof ahiont QE607 withversurface Bamitionypithin 899057 and a
(via CVD, spray- coating, etc...) on the surface of
bottoaeduefaceVaiatiof Withim@de 021, Imycabf dielecteicandterjal 6A6 (which is
conductive material of suitable properties would al so

coafR@®f ckAntle pHePOR) hasla tacknREdd Pabotl GODL Wigh 8 k&Ldurfde variation
[ 0025] FI G 7 illustrates another enbodi nent of a

L) f -
TR T2 BRELR IS nED ok BB S ey
coatTrIPg, etc...) on the surface of heater plate 614 (made of metal or ceramic). A

conductive material of suitable properties would also need to be deposited to form a

clampling electrode.

[0025] FIG. 7 illustrates another embodiment of a chamber 702 having an
apparatus 704 for temporal and spatial control of the temperature of a substrate 706. The
apparatus 704 comprises a temperature controlled base 708, a layer of adhesive material
710, a heater film 712, a ceramic or metal plate 714, a layer of adhesive material 715, and
a layer of dielectric material 716. A cooling media 719 maintains the temperature of the
base 708. A first power supply 720 supplies electrical power to the heater 712 via

electrical connector 724. A second power supply 718 supplies electrical power to the
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apparatus 704 conprises a tenperature controll ed base
708, a | ayer of adhesive material 710, a heater film
712, a ceramic or netal plate 714, a |layer of adhesive
material 715, and a layer of dielectric material 716.
A cooling nedia 719 maintains the tenperature of the

base 708. A first power supply 720 supplies electrica

BT SRS L o L PR 8o

the 14 | ayer of dielectric_naterial Vi a I
adhesiverraatenal 7102715Tiaad thedwatepdl2 weee R@Q@ng SFSCHEBCF?BS‘IE@% and
material 710, 715, and the heater 712 were E)revi ouslyr
6. Thedeateb?1D isrleposBBd t@thmnudedide Diie chramtie pr metal plate 1414. The
deposited to the underside of a ceramic or netal plate

dieldddé1aydiPl6 i aQb@rite ic6mbayet calltfining Bcendpetivatedectrode and
conmponent containing a conductive el ectrode and

appt?pgﬁt‘%@ﬁéu% g'fﬁﬁﬁ k& Fd e élédﬁ%s{aﬁc EREpPIR metiRaish) MatHave a

npi ng mechanism may have a thickness of about
. 0.0 y ._h
icigss 8¢ opft L0 5‘%1%5%99@%2%3% ﬁ%&%%m within
re-fabricated, | ayer .of tric mate 716 |.S
0007 Thnsrporae embprenghritatssiagas ol il S BlonEl 7 (i ﬁ&a%'ed to the
| ayer of adhesive material 715. An exanpl e of th
metall oz cemaimiaplateoHidesingonieyerof aibesive mwn?lar?léd Afhgrample of the
described in FIG 10. [0026] Regional control of
electivaf esmettione ey siselilmsirated anddescribékin KIGL h0.one or nore
measur enent probes 802 that contact the dielectric
pl ate through penetrations 808 in the wunderlying
| ayers, shown in FIG 8. The probe 802 is part of a

[OO%Q? edbac gleggogrgl ?Q?ﬁroi urfagé ‘e’nﬁ%eraﬁﬁreq Gcddin ﬁ&l WRRbh&6r more

enent be out can e pass ed t hrough a

s PS8 BRSSSAChl b EM o n e
undgrldq;g!a ?aytptlggsh%ggjalgeglg}% b'?‘hg ggbgtS(%g 1sI Sartaonf aeg\éclibra%{g Iin:"op 806 for
control of one or more heating elements 810; the probe output can be passed through a
filtering scheme 804, if necessary, to eliminate any _radio frequency noise on the |
measurement signal should the apparatus be operated in an environment containing radio
frequency power. Given the small height dimension of the dielectric layér previously
defined--necessary for adequate transfer of heater thermal pattern to the surface of the

apparatus--a suitably accurate estimate of the surface temperature can thereby be

acquired.

[0027] FIG. 9 illustrates another embodiment of a chamber 902 having an

apparatus 904 for temporal and spatial control of the temperature of a substrate 906 in
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frequency power. G ven the small hei ght dinension of
the dielectric |layer previously defined--necessary
for adequate transfer of heater thermal pattern to the
surface of the apparatus--a suitably accurate
estimate of the surface tenperature can thereby be
acquired. [0027] FIG 9 illustrates another enbodi nent

i e S0 oo TSRO B g R 3.

906 in 15 which the | ayer of adhesiye materi
solid platei28sand a bstans {ayer offbopding %elﬁﬂjt%é?si Jﬁ% QE%%‘Q%{S 8@‘8 lid
plate 928, and a bottom | ayer of bonding material 930.
compiisesappapattuse-00utrolted bpsd 4185 a dayeraprdhasitie matesial P L) |adhpater
base 908, a |ayer of adhesive material 910, a heater
filmfo1bm §&R1 oPcer@hi plate 94y Blayer qfladhesi@imaterial Hpeandod layer of
adhesive material 913, and a layer of dielectric

el i Elbfeli aaedl 0125 t9P Surfiws varib ithi
diel b RiafIb, thoneBRLEHRRAL AN 9091083 (3 Burfice v Qltgmrrg;/ "

0-00523-?fg?et%ﬂ'”ﬁ%kﬁ_ﬁ?ﬁm%%??@‘ﬁ%sﬂﬂq58*?“%‘2?@;Q‘é‘“p? Pty e
varigshroigun GHO0RL | SFALRE R ot By eV B BN € of shour

variation within 0.0002". Layer of adhesive material .. .
0.040 itheatoh awiface verpdemwEhing.004503pd g bgfam suLé%Yar@P‘m within
dielectric material 916 may have a thickness of about
0.000204D4yenof Adtesive material 963 maphaveia thicknesnef AonbH 004’ Hiayer of
0.001". [0028] A cooling nedia 919 maintains the

dieldBAPRaRYT $1 PhaPRse PffkaeRwfabsut 0040 evttes topand bottom
supply 920 supplies electrical power to heater 912 via

el P . tor 924. A ESC power supply 918
Surfgcﬁé'%ﬁlﬁgéﬂgftgc@g&claf power to the netal plate 913 or to

[0028] A cooling media 919 maintains the temperature of base 908 constant. A
heater power supply 920 supplies electrical power to heater 912 via electrical connector
924. A ESC power supply 918 supplies electrical power to the metal plate 913 or to
dielectric material 916 via electrical connector 922. Base 908, metal or ceramic plate
914, heater 912, layer of adhesive material 913, and layer of dielectric material 916 were

previously described. An example of the electrical connections is also illustrated and

later described in FIG. 10.

[0029] The layer of dielectric material 916 may be deposited (via CVD, spray-
coating, etc...) on the surface of heater plate 914 (made of metal or ceramic). If a metal

plate is used, this same plate may be employed for the clamp electrode. If a ceramic plate
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dielectric material 916 via electrical connector 922.
Base 908, netal or ceramc plate 914, heater 912,

| ayer of adhesive naterial 913, and |ayer of
dielectric material 916 were previously described. An
exanpl e of the electrical connections is also
|IIustrated and |later described in FIG 10. [0029]

is “365 % @%pg%,r%laggtg ?tc suﬁ%l?rg&o%e}'&eégwﬁﬂde/ algtg neet &f’t@sﬂetd%gosued

heater plate 914 (nade of netal or ceramc). If a

to formya¢lampling ele¢teiodésed, this sane plate may be enpl oyed
for the clanp electrode. If a ceramc plate 16 is
used, then a conductive material of suitable
properties would also need to be deposited to forma

[0030] anpl i Bgliebeé 9T8ndVihH}wsal topl layenofadhzgive avathrial H26 and
between top | ayer of adhesive material 926 and bottom

boﬁ&rﬁﬁ%er QF a@HAERS Y80 isthadd3(T d HladiRdRateial {sudhas tvespel or

mat egla (such as vespel or torlon). In one
on b Evod Mg B PERS B R fe B8 by o o
ttaom ) i .
e e ML P e
about 0.17 WnK. The thernmal conducti vi t | d
0.00p1" aThe thegnalepndectivifly of seid plrie,S28 ey be akoy Pﬁg "?ﬁ%‘lﬁnglhe
conductivity of the top and bottom | ayer of adhesive

thermal eridatti@Btofankid PR 92Beay besuhsiantislysimilar (o thy thyrmal
solid plate 928 nmaybe determ ned by the relative power

condiR¥itH o £IHR 16} Bl bdtonh Rgér dTadResivemateriall®26eand 930t Gtheahermal
process. The top | ayer of adhesive material 926 may

concﬂﬁ:ﬁ@xt of" I8 928 nad e HetdPmBR bywhé fblﬁlv%lffom? fvels employed
RS

on w't The bottom | ayer of

by h%gtg}%sé%gm@g?%ﬁrgj ext% I%Xcégg‘.v%h@totprlh%fr&?ﬁ&hés%%ﬁgnal 926

may have a thickness of about 0.004” with a surface variation within 0.0005”. The
bottom layer of adhesive material 930 may have a thickness ranging from about 0.006” to
about 0.02_0” with a top and bottom surface variation (parallelism) within 0.001”. The
bottom surface of solid plate 928 is thus attached to base 908 with mechanically flexible
adhesive 930. The top surface of solid plate 928 is thus attached to heater 912 and metal
or ceramic plate 914 with mechanically flexible adhesive 926. In another embodiment,

the top surface of solid plate 928 may be machined to a surface variation within 0.0005”.

[0031] FIG. 10 illustrates a cross-sectional view of an electrical connector 1000
supplying electrical power to a layer of dielectric material (Electrostatic Chuck - ESC)

1002. A pin assembly 1018 comprises a socket 1014, a spring-loaded pin 1010, and a
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about 0.020" with a top and bottom surface variation
(parallelism within 0.001". The bottom surface of
solid plate 928 is thus attached to base 908 with
mechanically flexible adhesive 930. The top surface
of solid plate 928 is thus attached to heater 912 and
nmetal or ceramc plate 914 with nechanically flexible
Plaghi dasulasoroid 2. (Tihe Zi96t prover swproy (g shown)t ik eletnizaliy ewsled to the
of solid plate 928 may be nmachined to a surface
piv belder/saoketviion A fornfing 0eBase of 8O Idickil spring Joddell Pt {GH0E SThe top
a cross-sectional view of an electrical connector 1000

& opfHe)pin 90 BJ &sli . : ,
o mat erei}ﬁz:ll (El ‘Zﬁl rsolgiyaetl%ﬁ%rgaé &El%%§6°t%%g¢:ﬂ£g %Fn'iﬂeclayer of
| gaded

QSR DA TSGR B 1 B B S

S I not shown) is electrically coupled to
10PRART AR asliE R BR St medeRdcinm LD, Fee 90 gud p of e spring-
ert] C?)ld spri nH-I oaded pin 1010. The top end of the :
loaé?‘%l"fo‘ 0 vsrieally pragrudesseut of dhel plassistinedatod 1012a Aoportiomof the
surface of the layer of dielectric material 1002. The

heatgrdayerd 00hdhe adhssive Ody2r 1006 anditieitatd lm&ﬂoﬁﬁial’&nﬁ?ﬁ;us cavity
socket 1014 and partially enclosing the spring | oaded

1028) in viifidiDthe Pive adsembBNID18irgsidds, t he spring- | oaded pin
1010 vertically protrudes out of the plastic insulator
1012. A portion of the heater |ayer 1004, the

adhesi ve | ayer 1006, and the base 1008 form a
y 1018

ti ' 1020, | igh t i n, assenbl

00530} 92 ARl BB Pl B S b o
1 I a.portign of the to end of the pin

endf’gh%'ge ﬁﬁf‘@ﬁ?’%anﬁ& I ing)a topregd of e Izlﬁsticriesmtasi(?ll?. The top
insul ator 1012. The top part of the bushing 1016 is

paricQfith¢ bishing 1H6 ineeunied todhehealdlayenil 004 withartdnding material 1022
material 1022 such as silicone adhesive. The bushing

such @s1 §licinei adhesiee. dFiye tashing 1006 niikielise an§Tahe@hRus thermal effects
caused by the physical contact between the dielectric material 1002 and the top end of the
pin 1010. The dielectric material 1602 is heated by the heater 1004. The cooled base
1008 surrounds the pin assembly 1018. The bushing 1016 miﬁimizes the amount of heat
drawn from the dielectric material 1002 towards the base 1008 .via the pin assembly
1018. The cavity 1020 is large enough to provide added space insulation between the

walls of the base 1008 and the outer surface of the plastic insulator 1012.

[0033] FIG. 11 illustrates a flow diagram of a method for controlling the temporal
and spatial temperature of a substrate. At 1102, a metal plate is fabricated with length

and width dimensions substantially equal to the base. The top and bottom surfaces of the
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caused by the physical contact between the dielectric
materi al 1002 and the top end of the pin 1010. The
dielectric material 1002 is heated by the heater 1004.
The cool ed base 1008 surrounds the pin assenbly 1018.
The bushing 1016 m ni m zes the anmount of heat drawn

- fromthe dielectric material 1002 towards the base

metabpiatedre nade ofa highsiegreslof flamess anfiparallelismy for @z@mple, within
| arge enough to provide added space insul ati on between

0.0081esurfvet Variation! e alstb& ehtodinein, 4 deeamidtpdate suayftraabstituted for
the plastic insulator 1012. [0033] FIG 11 illustrates

the%eft,;lgmgh agram of a nethod for controlling the
tenporal and spatial tenperature of a substrate. At
1102, a netal plate is fabricated with |l ength and
wi dt h di nensi ons substantially equal to t he base The

p and 0 urfaces the 1 Iate
10088 11 e bl s a8 bRt a5 et Pr of tg?ﬁﬂ §. TR feater
exanpl e, within _0.005" surface variation. her
may Hishiieeehin ang flexiblerhenter flmeboaggd tocthe bggqmtsuie@é tlpeometal plate.
the netal plate. [0034] At 1104, a heater is bonded to
Thedlreaten deaysalsbancinde hmltipde sdsispim\elemeﬂllsewhh atpatternriayout designed to
include a thin and flexible heater fil mbonded to the

acc&ﬂf»hﬂf@p%h@l&exﬁf)erhﬁ@e B3Rl of kit stirface GEthB EialsBed ARYmBlySs For
i ncl ude mul tiple resistive elenents, with a pattern

exal-r@l@% i Exﬁgl Fo Lhéchl? %ﬁhofeergﬂﬁ V%tél@xﬁents the
ntr on the surfac lnlsb da?fe For
e
heaffy ARRie1pdCHERRGs bl @ﬁ%”ﬁ&fﬁﬁ?%%“@%s&t%g@ﬂ&w ﬁ@fﬁl&e‘efegw“-

el ements defi n| ng a radi y outer regi on and
To prgyend 2y PPisAds! elesicahprob feaispﬂ@\}@ﬁfe%ﬂsmﬁ%t@ arR slggtrically

el ectrical problens, the heating elenents are
insuddted fronctht metaliplate| "ﬁh@hbatqr@snmm@mmthmmﬂ gonfact Pith the metal
heater is in intimate thernal contact with the netal

plate.

[0035] Before attaching the heater and metal plate assembly to a base. At 1106,
the top surface of the base is machined down to a high degrée of flatness, for example,
within 0.0003” surface variation. At 1108, the heater and metal plate assembly are

attached to the top surface of the base with a layer of adhesive material.

[0036] In accordance with another embodiment, at 1110, the metal plate may be
further machined down after attachment to the base to provide a high degree of flatness.
In one embodiment, the top surface variation of the metal plate after machining is within

0.0005.
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plate. [0035] Before attaching the heater and netal

pl ate assenbly to a base. At 1106, the top surface of
the base is machi ned down to a high degree of
flatness, for exanple, wthin 0.0003" surface
variation. At 1108, the heater and netal plate
assenbly are attached to the top surface of the base
with a layer of adhesive material. [0036] In
accordance wi th another enbodi nent, at 1110, the netal

[0087pt e mant Del2, falthinhigyer B diRIcoR1t rigreAals l6ahaytbhé dspositdiion the

to the base to provi de a high degree of flatness. In
top%ﬂﬁ”a@ém% AR %attchﬁw foBiR af erf:é&s%ati(?d’lénﬁ%xhg InQharif3, Pf%@é of
ate after Ining 1s wth .19 [0037] At
f I
ordggﬁ% §1$1ﬁ é’bﬁ‘gﬁ‘ﬁé rqvg Becggx}el?ee @g{ ix‘%' c'[gﬁ{fgr[t o?la 1)3 &:? gt'I?HXtFQS with
RN RN S 1%%@2%%%%21"%%&?% gy be used
conventional ly used material with high field

for dielegimiomatesiat 8. calemisprexids, ahernemaiicide; itriuge oxide, etc.).
external process can be used for dielectric naterial

In adt6rdascegvith atatherrenbodithehe, thatietdctricnmatetial ey paetfabricated and
oxide, etc.). In accordance with another enbodi nent,

attdch&d ithé Q)?tsﬁfﬁcé"@it 186 ifttal PRYe WItR aflaRE bf adiRgive Mthterial.

attached to the top surface of the nmetal plate with a
| ayer of adhesive material. [0038] At 1114, separately
i nsul ated el ectrical connections may be rrade to the

ti t f th
!00? i o & ElfopsPioY il el confealins ] bE g o the
provi de control of these features wth_ i ndependent
heapa&ekn@umf thesheatqs and gheanetal Rlate (Whishdtequptedigfhgpdiclectric

acconpl i shed using the electrical connector previously
material) so as to provide control of these features with independent power supplies. The

electrical connection may be accomplished using the electrical connector previously

 described illustrated in FIG. 10.

[0039] FIGS.. 12A, 12B, and 12C illustrate the method described in the flow
diagram of FIG. 11. FIG. 12A illustrates a metal plate 1202 and the attached heater 1204
assembly being bonded to a base 1206 using a layer of adhesive material 1208 as
previously described at 1108. FIG. 12B illustrates the top surface of the metal plate 1202
being machine down a height of about 0.040” with a top surface variation within 0.0005”
after being attached to base 1206. FIG. 12C illustrates a layer of dielectric material 1210
being attached to the top surface of metal plate 1202 with a layer of silicone bonding

material 1212. Alternatively, the layer of dielectric material 1210 may be applied
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described illustrated in FIG 10. [0039] FIGS. 12A,
12B, and 12C illustrate the method described in the
flow diagramof FIG 11. FIG 12A illustrates a netal
plate 1202 and the attached heater 1204 assenbly
bei ng bonded to a base 1206 using a | ayer of adhesive
material 1208 as previously described at 1108. FI G

12B illustra es e surface,af .
directpm the Bk PHAE o "HORAO R e ey e P B Gheichy
a top surface variation wthin 0.0005" after being
elimatating thecsitiaonp hoedingomterfal £122C i | | ustrates a | ayer of
dielectric material 1210 being attached to the top
surface of nmetal plate 1202 with a |layer of silicone
bonding material 1212. Alternatively, the |ayer of

{004@Le| ect FiG, MPAREkRbs 483W dimyahef appithedfop Contrallimg thy temporal
e metal plate 1202, using conventional deposition

and %@a&gmeg‘%ﬁ‘a&%& %?% glg%r/s(t)zja@ | ¥ 13ab] Dhetal ?lafel ik FAbeieatel G a isingilar

FI'G "13 illustrates a fl ow

manglﬁra Irpgqr:p“é)lf&lpg%%g{lg cfj at lq b2 ‘fr?ﬁ{)ds qh! 1419 32@% ﬁe%fg?‘i’gﬁéndeé%jan

a substrate. t’ 1302, a netal

platelsfabrlcatedlna5|m ar [
und&side of heandal pistosn # AnhlEmapner Apra GeiRy deshbfiL {184 FIC.
bonded to an wunderside of the netal plate in a
11.simlar manner as previously described at 1104 in FIG
11. [0041] At 1306, the bottom surface of a solid
pl ate such as a plastic plate is attached to the top
surface of a base with a | ayer of .adhesive material.

[0042; 13085411386 1RO bottsth kaEaedT alsbiid platsduich aph plastic plate is
chi ne ofovvn to i nprove the degree of flatness and

263 iRl ) 28 d3sisO athrial AAC130BY the to
aﬁa‘ﬁ'ﬁgg‘)h‘ 5‘% ?rgg’ngl ngﬂ?% 9 %ut see P
surface of the plastic plate is machine down to improve the degree of flatness and

parallelism. In one embodiment, the solid plate may have a thickness ranging from about

0.006” to about 0.020” with a surface variation within 0.0005”.

[0042] At 1310, the metal plate and heater assembly is attached to the top surface
of the piastic plate with a layer of adhesive material. Alternatively, the layer of dielectric
material may be applied directly on the metal plate, using conventional deposition

techniques, thereby eliminating the silicone bonding material.

[0043] At 1312, the top surface of the metal plate may also be machined down

after attachment to the base. This was previously described at 1110 in FIG. 11.
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0. 006" to about 0.020" with a surface variation within
0. 0005". [0042] At 1310, the netal plate and heater
assenbly is attached to the top surface of the
plastic plate with a |ayer of adhesive material.
Alternatively, the layer of dielectric material my
be applied directly on the netal plate, using

[00g4InVent | ANEY 14¢8RAGYdr oo dieldceithnatgtidl( ESCrueranhiy) is attached to the
elimnating the silicone bonding material. 10043] At

top %g&‘%cc dof El?e dxg%l Pldfe At a Rlyet HCadiBIi?¢ maledaE THY wak provithisly

chi ne after attachnent to the base. This was

Le Vi . hbed at 1110 in FIG 11. 21 [0044] At
des.%qeg’a?{figﬁn%rlgf dielectric material (ESC ceranic)

is attached to the top surface of the nmetal plate

with a |layer of adhesive material. This was previously

‘described at 1112 in FIG 11. [0045] At 1316,
[004%ipar at ehl/1316ssapatately insulated degtrical sornectionsanapabe wade to the
made to the heating elenents of the heater and the
heating elemph@tof tHeviteateh and theongshlgdate gwhich isitwmipladtto itle dielectric
material) so as to provide control of these features

matéisl) sb RORRRGEGE EoRANRE tHebd Rlatuess with Tridepatsnipomer suisplies.
described at 1114 in FIG 11. The el ectri cal

Thi§ ¥38 gfe\zio‘&aﬁ&lﬁﬁd ag‘ffﬂﬁﬂ' F:Iég gﬂ.a'ggé I@ﬁ@f&i@ﬁ Bhi&kibh Hly be

ct or Vi ousl descri ustrated in FI'G

accqiaplitd dbe Badte A eRErsrisn preriB At aad Tbtiafed i ic.

14A illustrates a plastic plate 1402 being bonded to a
10.pase 1404 using a | ayer of adhesive material 1406
corresponding to 1306 in FIG 13. FIG 14B
illustrates the top surface of the plastic plate 1402
bei ng machi ned down to a hei ght
[0046] FIGS. 14A, 14B, 14C, and 14D illustrate the method described in the flow

diagram of FIG. 13. FIG. 14A illustrates a plastic plate 1402 being bonded to a base
1404 using a layer of adhesive material 1406 corresponding to 1306 in FIG. 13. FIG.
14B illustrates the top surface of the plastic plate 1402 being machined down to a height
ranging from about 0.006” to about 0.020” after being attached to thé base 1404 so as to
achieve a top surface variation within 0.0005”. FIG. 14C illustrates a metal plate 1408
and heater 1410 assembly being attached to the top surface of the plastic plate 1402 with
a layer of adhesive material 1412 corresponding to 1310 in FIG. 13. FIG. 14D illustrates
the top surface of the metal plate 1408 being machined down to a thickness of about
0.040” with a top surface variation of about 0.0005”. The layer of dielectric material
1414 is attached to the top surface of the metal plate 1408 with a layer of adhesive

material 1416 corresponding to 1314 in FIG. 13.
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rangi ng from about 0.006" to about 0.020" after being
attached to the base 1404 so as to achieve a top
surface variation within 0.0005". FIG 14C illustrates
a netal plate 1408 and heater 1410 assenbly being
attached to the top surface of the plastic plate 1402
wth a layer of adhesive material 1412 correspondi ng
to 1310 in FIG 13. FIG 14D illustrates the top
surface of the netal plate 1408 being machi ned down to

hi ckn f. 405 Wit h- . .
100378 5t 1 oot S asBeBAt fopiceftiduy B tfibPaf lercgca
material 1414 s attaghed.to the top surface of .the
teryalof the eleirasiatis SJfTp OL2 MAFE SURFOLRAYINS 3 haserabanding laver, a
1416 correspondi ngg%o 1314 in FIG 13. 22 &thA',?].FIG
heater apd pratalplate. At h20% e nogreleqtideally; confngfive buphung ismitaghed to
electrical termnal of the electrostatic clanp of a
the hedter at shiplooationhiefined) by ohasfthe alebostatingclamy Brelectrical
heater and a netal plate. At 1502, the

ternliaBticise At 15008 eyspeiapdordet i 18 didpbsid Withialah 3edBMing Qleeve that
the heater at the |ocation defined by one of the

xpigihe EpLPUHIE AR, SR METmABENRT | Nifpostlina cavity
I nsul ati.n | eeve,t ha ex es, e tip o h in.. At
forh@EHY Bk, BRERHE e rew & R EeL MG 1BeGby igSafbRiion of the
cavi t formed by the hase, honding_|ayer, heater and,
SleeafEPWYams hecbotipmupatign 0 @eﬁ)aﬂuﬁ%r £ 3505, torend of th plectrical
overl aps the bottom portion of the bushing. At 1508, a
connestoraneluding atvertiabspringdeaded pimenntaats with @ botiomgurface of the
vertical spring |oaded pin contacts with a bottom

electrosthic €lanip teinginalel ectrostatic clanp termnal. [0048]
Wi | e enbodi nents and applications of this invention
have been shown and described, it would be apparent
to those skilled in the art having the benefit of this

[0048] While embodiments and applications of this invention have been shown
and described, it would be apparent to those skilled in the art having the benefit of this
disclosure that many more modifications than mentioned above are possible without

departing from the inventive concepts herein. The invention, therefore, is not to be

restricted except in the spirit of the appended claims.
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di scl osure that nmany nore nodifications than nentioned
above are possible without departing fromthe
i nventive concepts herein. The invention, therefore,
is not to be restricted except in the spirit of the
appended clainms. 23 CLAIMS What is clainmed is: 1. An
apparatus for control of a tenperature of a substrate
conprising: a tenperaturepgsroll ed base having a
top surface; a netal plate having a heater thermally
VHPOUptﬁd 0. an underside of the netal plate, the
RS £Em gbtrically insulated fromsaid netal plate; a
first layer qf adhesive bondi ng ak& metal pl.ate and
L. saimappdraps fo5 copolaf temperause offﬁ Supgirafe comprising:
tenperature-control | ed base; and a |ayer of dielectric
mat &teinpleratondentroliedbase hbaving & tapsusfacgai d netal pl ate
with a second | ayer of adhesive, the |ayer of
di e petat platertmivirig cheatertidrmgllp vogllettoramsiraeisiade aflitempetadplate,
mechani sm for supporting the substrate. 2. The

the BERE AbcugeMy ifduddted frowhaidhetal platet op surface of said
tenperature-controlled base is flat to within about

0. 00BR¢ 1aydr ?fgaﬁeﬁ%@fiﬂg;ﬁaﬁf m‘éfa%msel %lmg{dq{ F’? §/09 68 Surface

dirrensno?{o salrd ate'1's ubstanti a
simlar to the surface dinmension of said
ofsg@ﬁg@pg@ﬁqgg%{@ﬁgfbﬁ%edagése_ 4. The apparatus of claim
1 wherein said netal El ate al so has_a bottom fc,ahjrface,
g

t hea layespislirleqite matarial ponded fo » laprRyriacn et sid plate with a

parallel to each other to within about )
second layer of adhesive, the layer of dielectric material forming an electrostatic

clamping mechanism for supporting the substrate.

2. The apparatus of claim 1 wherein the top surface of said temperature-controlled

base is flat to within about 0.0005.

3. The apparatus of claim 1 wherein a surface dimension of said metal plate is

substantially similar to the surface dimension of said temperature-controlled base.

4. The apparatus of claim 1 wherein said metal plate also has a bottom surface, the
top and bottom surfaces being substantially parallel to each other to within about

0.0005”.

5. The apparatus of claim 1 wherein said heater includes a thin and flexible film.
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0. 0005". 5. The apparatus of claim1l wherein said
heater includes a thin and flexible film 24 6. The
apparatus of claim1 wherein said heater includes one
or nore resistive heating elenents. 7. The apparatus
of claim6 wherein said resistive heating el enents
forma pattern Ilayout on said netal plate. 8. The
apparatus of claim1 wherein said adhesive |ayer
includes a uniformy deposited mechani cal ly flexible
thermal insulator layer. 9. The apparatus of claim.1l
6. whdiheiappasaiug ofeliaums il ehereip é@lduhﬁ%tPU&s@‘ des g grqueieJesistive
10. The apparatus of claim9 wherein said solid plate
heatinpodlertlasts.a t op and bottom surface, said top and
bottom surface being substantially parallel to each
other to wthin about 0.001". 11. The apparatus of
claim9 wherein a thermal conductivity of said solid
7. pI aIth% agﬁ a&@%?glaﬂlg eLRrdif |sﬁH'r¥§stﬁ@%ﬁtlﬂgeéléh§nt§ 0y pattern
ter and an external process.
ara |aim9 wherein said botton1surface of
lmﬂyg 5% qu? é&(%l s bonded to said top surface of
sai d base mnth a mechanically flexible adhesive having
a substantially high thermal conductivity. 25 13. The
apparatus of claim9 wherein said top surface of _sa
8. solThs apparas of cletm d evherein saidiaghesherdaysraely eséd‘?‘ﬂ@i’é‘k%l
plate with a nechanically flexible adhesive having a
deposited mechanically flexible thermal insulator layer.

9. The apparatus of claim 1 wherein said adhesive layer includes a solid plate.

10.  The apparatus of claim 9 wherein said solid plate includes a top and bottom

surface, said top and bottom surface being substantially parallel to each other to within

about 0.001”.

11. The'apparatus of claim 9 wherein a thermal conductivity of said solid plate is

based on the relative power levels employed by said heater and an external process.
12.  The apparatus of claim 9 wherein said bottom surface of said solid plate is bonded

to said top surface of said base with a mechanically flexible adhesive having a

substantially high thermal conductivity.
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substantially high thermal conductivity. 14. The
apparatus of claiml further conprising an electrica
connector having: a vertical spring | oaded pin having
atop end in contact with a bottom surface of the

| ayer of dielectric material, said vertical spring

| oaded pin disposed in a cavity of said base, said

first layer of adhesive.la b X
13. oudhe AgPaEs SETRG S v G fop SEleP RIS Gae R 0
pin, said bushing thermally coupled.anly to said
said Wodéreide afenib aiein) plamwith aandohamipaly Sexible alpssive Teging, o
apparatus of claim 14 further conprising a socket
substntidilybigh thatiabeordndtivify. said pin. 16. The apparat us
of claim15 further conprising a plastic insulator

cover covering said socket .and a portion of said pin,
exposing said top end of said pin. 17. The apparatus

14, Of .Tgk @E%Qr&tﬁs vhaLBi D f5die cOphtiAg ah BREARAI donhecot kdving:
sal t

end of said pin froma wall of said cavity

in said base, .18, [ R sur®ce of

t o arreLpEnoRed S ERRLA I ert # oA £B8 SR ube o

tenperature-controlled base havin top _surface; .
the ear DELEIgsHIR BIIHTh SRS eRRRL OB ISR P st REF baly of said

of the ceramic plate; 26 a first adhesive |ayer
basepsaidifirgy layar of athesive taypr, ané said heter; 283 surface of said

tenperature-control |l ed base; and a | ayer of dielectric

Mala®uklihg basiokink 4 porioh@y ssidtémenl affsaiskpin, seit bushingghermally
wth a second | ayer of adhesive, the layer of

couple®bRG kS sdid ABdt& 4 befri in~dedtricatlyrovhdusivat i c

15.  The apparatus of claim 14 further comprising a socket holding a bottom end of

said pin.

16.  The apparatus of claim 15 further comprising a plastic insulator cover covering

said socket and a portion of said bin, exposing said top end of said pin.

17.  The apparatus of claim 16 wherein said bushing thermally insulate said top end of

said pin from a wall of said cavity in said base.

18.  An apparatus for spatial control of temperature of a substrate comprising:
a temperature-controlled base having a top surface;

a ceramic plate having a heater bonded to an underside of the ceramic plate;
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cl anpi ng mechani sm for supporting the substrate. 19.
An el ectrical connector for a wafer support having a
base, a bonding |layer, a heater, and an el ectrostatic
el ectrode, said electrical connection conprising: a
vertical spring |oaded pin having a top end in contact
with a bottomsurface of the electrostatic el ectrode,
sai d firQilddhésibe 1aPperibddding asiddeRintic PlatPRIRE tdpSuffabs¥t da¥d
of said base, said bonding |layer, and said heater;

o | losing a portion of said top end of
tengia%?a AN (] ﬁ%gs

pin, sard Ing thermally coupled only to said
heat er and.bei ng non-el ectrically canducti.ye. 20. The .
or ob TaveEf GiErRE TR BPiaseip A b sEERE RG e Shais PP with
socket holding a bottomend of said pin. 21. The
secand kayer ekadhesivg dleq fayer of diclecarigimaterinl forming anoripatiosiatig a
plastic insulator cover covering said socket and a
clamping roechahisgiafiori sypiportingtposibsgateai d t op end of sai d
pin. 22. The electrical connection of claim2l wherein
said bushing thermally insulate said top end of said
pin froma wall of said cavity in said base. 27 23. A

19.met Rﬁf@lé‘cﬁica?@ﬁ’iﬁlgab} Fhe v@af&%‘ﬁB?%@Bb’%i%% Qhbask, 8 Bpﬁaiﬁéga?eg a

conprising: bonding a heater a tom surface
t I ' er_.el rically . .insulated from
heo 5 i 5 Fichostfle clfBle" if Rihicaf Bonlord Sihelisiieng
said netal plate,apd said heater on a top, surface of a
te n‘b?é?“a‘{“g rSBBH% tﬁ’ﬂfi‘?‘gP‘Pj’&V'ﬁgééOB\F%lnacqné?féanfa boitamssugface of
and depositing a |layer of dielectric material on a top
the glgetregieticnleaiznde, said wdrtigal apréng loaded pin disposed in a cavity of said

base, said bonding layer, and said heater; and
a bushing enclosing a portion of said top end of said pin, said bushing thermally

coupled only to said heater and being non-electrically conductive.

20.  The electrical connection of claim 19 further comprising a socket holding a

bottom end of said pin.

21.  The electrical connection of claim 20 further comprising a plastic insulator cover

covering said socket and a portion of said pin, exposing said top end of said pin.

22.  The electrical connection of claim 21 wherein said bushing thermally insulate said

top end of said pin from a wall of said cavity in said base.
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forman el ectrostatic clanping nmechanism said | ayer
of dielectric material for supporting the substrate.
24. The nethod of claim 23 further conprising
machi ni ng down said top surface of said base flat to
wi t hi n about 0.0003". 25. The nethod of claim 23
wherein a surface dinension of said netal plate is
substantially sipilar to the surface di nensi.on of said
23. { erpmethod dex ool lingadgmpgrtite 82 subiRSPRBESBE: O o m
23 wherein said netal plate has alsp a tQp surface,
t hbondipg adeaterioa kotonberfasapEamet plate éﬁlﬁgwater electrically
substantially parallel to each other to wi thin about
insuGit@DRGM said bottbhesunfatdrofkaof melabplate23 wher ei n sai d
heater is a thin and flexible film 28. The nethod of

Cl ahtRniRy WiehRtal pffd shd kRt IRfater 0 usiesurface ofa tempezature-
resistive heating elenents. 28 29. The net hod of

contgé}?eiggag “r{fetﬁratlm%@?mg"éjw formng a pattern | ayout

al e Wth said resistive heating

el enents. 30. The,. nethod of. ' i F j
" apEpoR e o iR el e s o G Flsplate to
mechani cal |y flexible therma], insulator lLayer.. 31. The ..
formyen plgetrastatic|clamRing Merhanism, said laver af ge W%%‘ﬁf?f‘eé’r supporting
includes a solid plate. 32. The nethod of cl-aim 31
the sibstrage.n said solid plate includes a top and bottom
surface, said top and bottom surface being
substantially parallel to each other to within
0. 001".

24.  The method of claim 23 further comprising machining down said top surface of

said base flat to within about 0.0003”.

25.  The method of claim 23 wherein a surface dimension of said metal plate is ‘

substantially similar to the surface dimension of said temperature-controlled base.

26.  The method of claim 23 wherein said metal plate has also a top surface, the top

surface and bottom surfaces being substantially pai‘allel to each other to within about

0.0005”.
27. The method of claim 23 wherein said heater is a thin and flexible film.

28. The method of claim 23 wherein said heater includes one or more resistive

heating elements.

28



33. The nethod of claim 31 wherein a thernal
conductivity of said solid plate is based on the

rel ati ve power |evels enployed by said heater and an
external process. 34. The nethod of claim 32 further
conprising bonding said solid plate on said top
surface of said base with a nechanically flexible
adhesi ve having a substantially high thernal
conductivity. 35. The nmethod of claim32 further

2.COrFh LA DR800 il g0 Ak BB Bt

fle adhesj ve. ha substantially high thernal
pla@&‘fﬁh?ﬁ“ﬁﬁs’@ Ve e ‘%eeﬁéﬁmt hod of claim31 further

conpri sing machi ning down a top surface of said netal
plate flat to within about 0.0005" after said netal
plate is attached on said top surface of said base.
30.37. The methhd of tleim 2p athieadin smdiiayet ofddhesimpchtdas e uniformly
substrate conprising: bonding a heater to a bottom

depesitddanehahicall fiexdblechdtral Bisulatok #38i.ng sai d ceramic
pl ate and heater on a top surface of a tenperature
controll ed base with an adhesive | ayer; and depositing
a layer of dielectric material on a top surface of

31. 52 -heSREARh B AL 95 Werd L ACELEGHESPH klyres L SO ke

Mo Sara
supporting the substrate 38. A net hod for
electrically connecting an electrical connector to an
el ectrostatic electrode of a wafer suw%ort havi ng a

32. paskhe methodhaf ¢lgim 3] whereimspidisdlidnlate incledes agomaad bottom
surface, said top and bottom surface being substantially parallel to each other to within

0.001”.

33.  The method of claim 31 wherein a thermal conductivity of said solid plate is

based on the relative power levels employed by said heater and an external process.

34.  The method of claim 32 further comprising bonding said solid plate on said top
surface of said base with a mechanically flexible adhesive having a substantially high

thermal conductivity.

35.  The method of claim 32 further comprising bonding said solid plate to said
bottom surface of said metal plate with a mechanically flexible adhesive having a

substantially high thermal conductivity.
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conprising: contacting a top end of said electrica
connector including a vertical spring |oaded pin,
with a bottom surface of the electrostatic el ectrode,
said vertical spring |oaded pin disposed in a cavity
of said base, said bonding |ayer, and said heater; and
encl osing a portion of said top end of said pin wth a
bushing that is thermally coupled only to said heater
and non-electrically conductive. 30 39. The nethod of

36 R ARoC 5t Dl SR TBBI Mo AR R Bl or i
g ST e PR G R

exposi ng said top end of said pin. 41. The nethod of

Sur@p@pfﬁa.t;gb@sgn her comprising thermally insulating said
top end of said pin froma wall of said cavity in
said base with said bushing. 42. An apparatus for
controlling a spatial tenperature of a substrate

37. COMMimethdtfor spaRiaNGorktdl oPrRAPerfurs oh 8 itrateompriginigdm
surface of a nmetal plate, said heater electrically

in i T, f : id netal
Hndin ﬁera@fgcfgggtttcgig‘ﬁ?lg%@e?gia é;@%l@ﬁ)lagf}

pl at e; ans met a ate and said
heater,.on_a.top surface .qf e ont r d
* baciBRsaa o BAmat R Fgertr oh ARRERREYL 1 £ iRkl
a layer of dielectric material on a top surface of
con ﬁﬁlf@yl??é?g’lltha&laélg%“‘("olaf’ﬁﬁﬁ’i‘ n el ectrostatic clanping
mechani sm said |ayer of dielectric materi al )
suplspesiting)a tayer efidieleetsic anaterial on a top surface of said ceramic plate to

-]

form an electrostatic clamping mechanism, said layer of dielectric material for supporting

the substrate.

38. A method for electrically connecting an electrical connector to an electrostatic
electrode of a wafer support having a base, a bonding layer, and a heater, the method
comprising:

contacting a top end of said electrical connector including a vertical spring loaded
pin, with a bottom surface of the electrostatic electrode, said vertical spring loaded pin
disposed in a cavity of said base, said bonding layer, and said heater; and

enclosing a portion of said top end of said pin with a bushing that is thermally

coupled only to said heater and non-electrically conductive.
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43. An apparatus for controlling a spatial tenperature
of a substrate conprising: neans for bonding a heater
bonded to a bottom surface of a ceramic plate; neans
for attaching said ceramc plate and heater on a top
surface of a tenperature controlled base with an
adhesi ve layer; and 31 neans for enbeddi ng an

electro ' ai ram ; AN o
59. o1 dieritiod SR RAR Cofffhf HAghRs BoRoRUds R bapin with

supporting the substrate. 44. An electrical connector
asoekgt. 3 waf er support having a base, a bonding |ayer, a

heater, and an el ectrostatic el ectrode, said

el ectrical connection conprising: nmeans for contacting

a top end of said electrical connector including a
40. VerMheGadthodsefdlaim 3D fuiker ginprismg dovaribg said socket dnoaepartion of

the electrostatic el ectrode, said vertical spring
saidhﬁ@%ﬂ A1 iSRRIGtvEr Whilewigoying saidaosl elbofsaidpingd

ondi ng I ayer, and said heater; and neans for

encl osing a portion of said top end of said pin wth a

bushing that is thermally coupled only to said heater

ang non-el ectri.ca onductive. .4 . '

1. &y g L0 HalhRcanRepfrp ) BpARTR Bl o of
power supply, wherein said support, has:. a tenperature

saidqumfront 3 wall phssad payiiyrip saidbase with said é’,ug‘Hn%et al plate
having a heater thernmally coupled to an undersi de of
said netal plate, said heater electrically insulated
fromsaid netal plate, said power supply )

42.  An apparatus for controlling a spatial temperature of a substrate comprising:

means for bonding a heater to a bottom surface of a metal plate, said heater
electrically insulated from said bottom surface of said metal plate;

means for attaching said metal plate and said heater on a top surface of a
température controlled base with an adhesive layer; and

means for depositing a layer of dielectric material on a fop suxfface of said metal
plate to form an electrostatic clamping mechanism, said layer of dielectric material

supporting the substrate.

43.  An apparatus for controlling a spatial temperature of a substrate comprising:
means for bonding a heater bonded to a bottom surface of a ceramic plate;
means for attaching said ceramic plate and heater on a top surface of a

temperature controlled base with an adhesive layer; and
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el ectrically coupled to said heater; an adhesive | ayer
bondi ng said netal plate and said heater on said top
surface of said tenperature controlled base; and 32 a
| ayer of dielectric material deposited on said netal
plate to forman electrostatic clanping nmechani sm
said | ayer of dielectric material for supporting the

S UBSEAnR s enffedditiz@nRiR&oae & safd degarpiegilatetoform apan dfan
further conprising: a tenperature probe coupled to

L L aniRRg dt
A B et e Lo

pl asma et ching system of claim45 further conprising

an el ectrical connector having: a vertical spring

| oaded pin having a top end in contact, with a potiom
44. surAmelectgiral coanertorfpes wg?er grenoshaving 4paserd B?f}d?%\[aXEf’ a

vertical spring |oaded pin disposed in a cavity of
heatsgiadd haskectrestatic §lectende] spydelegstica] ¢hargoien CaRPRSIngn

said heater; and a bushing enclosing a portion of said

t opn&nd f6f contictlngh fop @l of shidsisciical benmealok inclusingrd wvertical

only to said heater and being non-electrically

spriﬁg ﬂ%g@& biE with®: boftoRl #81iBe 6F G eRuoHAiCETRa R said Vgtical pring

chanber haV|ng a support; and a power supply, wherein

Ioadsealpgn 8%8&%&%11 Q%&?ity of said base, said bonding layer, and said heater; and
means for enclosing a portion of said top end of said pin with a bushing that is

thermally coupled only to said heater and non-electrically conductive.

45. A plasma etching system comprising:
a chamber having a support; and
a power supply,
wherein said support has:
| a temperature controll.ed base having a top surface;
a metal plate having a heater thermally coupled to an underside of said
metal plate, said heater electrically insulated from said metal plate, said power supply

electrically coupled to said heater;

an adhesive layer bonding said metal plate and said heater on said top

surface of said temperature controlled base; and
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a tenperature controlled base having a top surface; a
ceram c plate having a heater bonded to an underside
of said ceramc plate, said power supply electrically
coupled to said heater; 33 an adhesive |ayer bonding
said ceramc plate and said heater to said top

surface of said tenperature controlled base; and a

| ayer of dielectric.mter. depasi t i

plate 16 PR B BeRhel PSR SR BRul Bt B3hh an

said |ayer of dielectric material for su ting the
electyaitatic elpmpinggnechaaispy, saiddayst e ﬁ’lﬁ}gc@%’?éﬁﬁ%@%’cﬁ“&sﬂ’i“ﬁ% the

further conprising: a tenperature probe coupled to
substeatel metal plate; and a feedback controller coupled to

sai d tenperature probe and said power supply. 50. The

pl asma et ching system of claim48 further conprising
an electrical connector having: a vertical spring

l o ' ' : ey
46. fﬁg 18I é!a&ih%%{s?erﬁ 8Pl 45 BurBRPb@Bprithin a bot tom

su sal ayer of dielectric material, said

tical . | . . . ,
LB e P AN, 0
o3 TeFibaEk canclieppoP SIS ERPRG PR RRE AR SR SR dirbly.
onlg t?.sald hgzter and being non-electrically
conductive. _

47.  The plasma etching system of claim 45 further comprising an electrical connector
having:

a vertical spring loaded pin having a top end in contact with a bottom surface of
said layer of dielectric material, said vertical spring loaded pin disposed in a cavity of
said base, said first layer of adhesive layer, and said heater; and

a bushing enclosing a portion of said top end of said pin, said bushing thermally

~ coupled only to said heater and being non-electrically conductive.

48. A plasma etching system comprising:
a chamber having a support; and
a power supply,
wherein said support has:
a temperature controlled base having a top surface;

a ceramic plate having a heater bonded to an underside of said ceramic

plate, said power supply electrically coupled to said heater;
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an adhesive layer bonding said ceramic plate and said heater to said top

surface of said temperature controlled base; and

a layer of dielectric material deposited on said metal plate to form an
electrostatic clamping mechanism, said layer of dielectric material for supporting the

substrate.

49.  The plasma etching system of claim 48 further comprising:
a temperature probe coupled to said metal plate; and

a feedback controller coupled to said temperature probe and said power supply.

50.  The plasma etching system of claim 48 further comprising an electrical connector
having:

a vertical spring loaded pin having a top end in contact with a bottom surface of
said layer of dielectric material, said vertical spring loaded pin disposed in a cavity of
said base, said first layer of adhesive layer, and said heater; and

a bushing enélosing a portion of said top ehd of said pin, said bushing thermally

coupled only to said heater and being non-electrically conductive.
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